The development of multicellular organisms involves cellular morphogenesis coupled to cell proliferation. Coordination of cell shape changes and cell divisions requires spatially-biased remodelling of actomyosin cytoskeleton in response to intrinsic or extrinsic inputs. In Caenorhabditis elegans zygotes, transient flows of cortical actomyosin instruct the asymmetry of the first mitotic division. However, the mitotic signal that patterns excitation and repression of contractile actomyosin remains poorly understood.
We present evidence that the mitotic kinase Aurora-A dictates local and global remodelling of cortical actomyosin to facilitate asymmetric cell division. Aurora-A accumulates at mitotic centrosomes to locally disassemble cortical myosin at the proximal cortex, leading to a gradient in actomyosin contractility that drive cortical flows. We demonstrate that induction of cortical flows is independent of a role of Aurora-A in centrosome maturation. In contrast, Aurora-A in cytoplasm stimulates global disassembly of cortical myosin during late prophase. Loss of Aurora-A caused sustained activation of RhoA GTPase throughout the cortex during prophase, suggesting Aurora-A as a local and global inhibitor of RhoA.
We thus propose a mechanism by which cell cycle progression is coordinated with actomyosin remodelling through mitotic kinase Aurora-A. To identify the downstream targets of Aurora-A, we performed in vivo large-scale protein interaction studies complemented with in vitro kinase assay screen. We will present our current progress and discuss how Aurora-A controls two distinct phases of myosin remodelling for asymmetric cell division. In tissues where there is a demand for a constant supply of differentiated cells, an adult stem system is operational. To protect the stem cells from exhaustion, most often the primary progenitors, produced after an asymmetric division, undergo multiple rounds of mitosis to produce a large pool of secondary progenitors, which then differentiate. We still do not understand how the cells decide to begin division and how do they decide to stop and differentiate. We addressed these questions using Drosophila spermatogenesis as a model system. Like any adult stem cell system, the microenvironment, formed by the somatic cyst cells in this case, regulate the cell divisions to a four rounds of mitoses. Although it was known that the somatic EGFR signaling regulates the germ cell proliferation, the underlying mechanism is still unclear. We activated the somatic EGFR cascade for a limited duration during the proliferation stages and enumerated the distribution of germline cells at different stages of divisions -both during the upward and recovery phases. The results suggest that upregulation of the EGFR signalling slows down the rate of germ cell divisions without affecting their eventual differentiation. Exploration of the ERK phosphorylation patterns in the somatic cells further suggested that the EGFR signaling is transient and occurs in between each cell division cycle. Subsequent, genetic manipulation of the EGFR signalling through ectopic secretion of the EGF ligand (spitz) and a host of feedback inhibitors induced by the EGFR in somatic cells further supported the conjecture. Altogether, the results suggest that a pulsatile EGFR signalling in the neighbouring somatic cyst cells at every cycle of the germline mitosis maintains the cell division periods and induce germline differentiation after four rounds. Tissue morphogenesis relies on cell shape change and cytoskeleton rearrangement. One well studied example of morphogenesis is mesoderm invagination in Drosophila embryo. During this process, ventral cells undergo epithelio-mesenchymal transition (EMT) and reduce their apex through the generation of apical pulses of myosin II (Martin, 2009) . This apical constriction is thought to be one of the main driving force of this process. However, it has been proposed previously that apex reduction alone is not enough to lead to tissue folding, suggesting that another component, maybe an apico-basal force, should be involved (Sherrard, 2010; Rauzi, 2013) .
Studying EMT cell dynamics, we discovered that, after apical constriction, an apico-basal cable-like structure of myosin II is formed in EMT cells. At this stage, the cells are still strongly attached to their neighbors and the presence of this cable is associated to a transient apico-basal deformation of the apical surface suggesting that delaminating EMT cells generate an apico-basal force.
To test if the apico-basal forces generated here could be one of the driving force of mesoderm invagination, we tried to disrupt these myosin cables, using laser ablation at the onset of invagination. Interestingly, this leads to a delay of the invagination consistent with an apico-basal force driven by the myosin cables. These results strongly suggested that EMT cells participate to tissue folding by creating an apico-basal force at the time of the delamination.
In conclusion, my work highlight that EMT cells generate an apico-basal force that could participate to the tissue invagination together with apical constriction. This work also suggests that delamination of EMT and apoptotic cells share surprising similarities, including the maintenance of cell-cell adhesion, the creation of an apico-basal myosin II structure and the increase of tension in their surrounding by the generation of an apico-basal force leading finally to tissue remodeling. 
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Tissue morphogenesis requires the coordination of cell shape changes in space and time. We are using ascidian embryos as a simple model system to study the spatiotemporal control of force generation during neural tube closure. During neural tube closure, the neural folds meet and zipper together from posterior to anterior. We previously showed that zippering is driven by tissue-level asymmetries in actomyosin contractility: Activation of Myosin II along Neural/Epidermal (Ne/Epi) boundary ahead of the zipper Abstracts S98
